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INTRODUCTION 
Development of soybean fGlycine max (L.) Merr.] 
cultivars with a seed size of less than 100 mg sd~^ for food 
products has been the objective of some breeding programs. 
The germplasm with the smallest seed size is the wild 
soybean fG. soia Sieb. & Zucc.), which has a seed weight of 
less than 30 mg sd~^. However, G. sola has undesirable 
traits that prevent its direct use in commercial production. 
Past studies of the introgression of G. soia germplasm 
into G. max have not considered the effectiveness of 
selection for seed size during backcrossing to increase the 
frequency of small-seeded segregates. Carpenter and Fehr 
(1986) conducted backcrossing without selection and found 
that the frequency of segregates with seed weights under 100 
mg sd"^ decreased from 100% in the BCg generation to 6% in 
the BCg generation of one G. max x G. soia cross and from 
100% in the BCQ to 0% in the BCg of a second cross. Ertl 
and Fehr (1985) evaluated the same populations and found an 
increase in yield from the BC^ to the BC^ generations. They 
determined that the BCg was the earliest generation in which 
to obtain a reasonable number of lines with agronomic 
performance worthy of yield testing. 
Selection of segregates for seed size can be based on 
an evaluation of single plants, unreplicated plots, or 
replicated tests. Indirect selection for large seed in 
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soybean can be accomplished by measuring the width of fully 
developed pods (Frank and Fehr, 1981). Indirect selection 
for pod width makes it possible to identify desirable plants 
before harvest. Bravo et al. (1980) found that direct and 
indirect selection for large-seeded genotypes adapted to 
temperate climates could be accomplished in a tropical 
environment. New cultivars can be developed more rapidly 
and genetic gain is greater when selection in a tropical 
location is possible (Eberhart, 1972; Fehr, 1978). 
Information on the effectiveness of direct and indirect 
selection for small seed size in soybean is not available. 
Such information could assist breeders in designing an 
appropriate strategy for development of high-yielding 
cultivars for specialty markets. 
The first objective of this research was to evaluate 
the effectiveness of selection for seed size in the transfer 
of genes for small seed from G. soia into high-yielding 
soybean cultivars by backcrossing. Selection between 
backcross generations from the BCq to the BCg for low seed 
weight was compared with no selection during backcrossing 
for its effect on seed weight, yield, and other agronomic 
characteristics. 
The second objective of this study was to evaluate 
direct and indirect selection for small seed size based on 
seed weight and pod width measurements. Selections based on 
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a single-plant, plot, and entry-mean were evaluated in 
temperate and tropical environments. 
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LITERATURE REVIEW 
Soybean cultlvars with either small or large seed size 
are developed for specialty food markets (Fehr, 1987). 
Small-seeded soybeans are used for sprouts or are fermented 
to make the Japanese food, natto (Cowan, 1973). The 
preferred seeds weigh 100 mg sd~^ or less and have a yellow 
seed coat and hilum color. Large-seeded soybeans are 
consumed directly as a vegetable or are fermented to produce 
the Japanese food, miso. 
Seed weight of soybean ranges from 40 to 550 mg sd~^ 
(Hartwig, 1973). The number of G. max accessions with seed 
weights less than 100 mg sd"^ is limited. G. sola plant 
introductions have seed weights ranging from 10 to 30 mg 
sd~^. G. soia germplasm has the undesirable traits of 
prostrate growth, vining, petiole retention at maturity, 
shattering, colored seed coats, and hard seededness that 
prevent its direct use in commercial production. 
Introaression of G. soia aermplasm 
The utilization of germplasm from wild species to 
improve quantitatively inherited traits has been reported 
for several crops. These crops include peanuts (Arachis 
hvpoaaeal (Guok et al., 1986), oats fAvena sativa) (Lawrence 
and Frey, 1975), barley fHordeum vulaare) (Rogers, 1982), 
tobacco (Nicotiana tabacum) (Wernsman et al., 1976), and 
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soybean fGlvcine max) (Ertl and Fehr, 1985). Harlan (1976) 
reported on Introgresslon programs in crops for many traits, 
such as disease and pest resistance, adaptation, seed 
quality, and yield. 
The genus Glycine contains two subgenera. Glycine and 
Soia (Hymowitz and Newell, 1981). The subgenus Soia 
includes the cultivated soybean. Glycine max (L.) Merr. and 
its wild progenitor, G. soia Sieb. & Zucc. 
Partial sterility has been reported for some crosses 
between G. max and G. soia (Williams, 1948; Weber, 1950; 
Palmer et al., 1987). Translocations and inversions in G. 
soia which cause pollen and ovule semisterility in crosses 
to G. max seem to vary according to the region of origin of 
the accessions (Delannay et al., 1982). There also is 
evidence that a lower frequency of recombination can be 
expected from G. max x G. soia crosses compared with G. max 
X G. max crosses (Griffin and Palmer, 1987; Graef et al., 
1989) . 
Studies of the inheritance of several quantitative 
traits have been reported for crosses between G. max and G. 
soia. Williams (1948) found transgressive segregation for 
maturity and seed protein content among F2 populations that 
he examined. Viny growth habit of the wild parent was 
exhibited in the F^, F2 and F3 generations. The upright 
growth of the cultivated parent was not recovered after one 
backcross to the G. max parent. Weber (1950) found that 
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vinlng of the wild species was dominant and that there was 
heterosis for plant height and maturity. He noted that as 
backcrossing to G. max was repeated, there was an increase 
in number of progeny with the general appearance of the 
cultivated species. 
Petiole retention in G. max is conditioned by a single 
recessive gene (Probst, 1950). Carpenter and Fehr (1986) 
found that petiole retention in some G. sola plant 
introductions seemed to have a more complex inheritance. 
The introgression of G. sola germplasm to increase 
yield of G. max has been studied. Ertl and Fehr (1985) 
evaluated populations from two interspecific soybean crosses 
to determine the number of backcrosses to the G. max parent 
that were necessary to recover high-yielding lines. 
Backcross generations up to the BCg were created without 
selection. Progeny of F2 plants selected for agronomic 
traits other than yield from each generation were evaluated. 
The results showed an increase in yield from the BC^ through 
the BC^ generations, but no segregates were superior in 
yield to the recurrent parent. The BC2 generation, having 
an average of 12.5% G. sola germplasm, was the earliest 
generation in which they recovered any lines similar to the 
recurrent parent for yield, maturity, lodging, and plant 
height. They determined that the BCg was the earliest 
generation in which to obtain a reasonable number of lines 
of value for yield testing. In addition, the authors 
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concluded that G. sola is not likely to contribute genes 
that will significantly increase the yield of G. max. 
Cregan et al. (1989) have recommended that there be 
more studies into the improvement of yield in soybean 
through G. sola germplasm introgression. They based their 
recommendation upon the discovery of significant heterosis 
for traits related to nitrogen fixation in some G. max x G. 
soia crosses. 
Carpenter and Fehr (1986) evaluated genetic variability 
in the populations studied by Ertl and Fehr (1985). Maximum 
genetic variation and heritabilities were most frequently 
found in the BC2 and BC3 generations for agronomic score, 
vining score, lodging, height, maturity, and seed weight. 
Transgressive segregation for height, maturity, and lodging 
was detected. The characters that were the most difficult 
to recover in early backcross generations were absence of 
vining and lodging resistance. Agronomic score was based on 
a scale of 1 for an acceptable appearance similar to G. max 
cultivars to 5 for an unacceptable appearance similar to G. 
SOTa. Heritability estimates for agronomic score in the BCQ 
to BC2 generations of both crosses indicated that visual 
selection of single plants for general acceptability should 
be moderately effective. The mean agronomic score of the 
populations improved with backcrossing. However, only 22% 
of the lines had agronomic scores equal to the G. max parent 
in the BC3 generation of both crosses. 
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The Inheritance of seed size in interspecific soybean 
crosses has been reported by several authors. From an 
evaluation of over 4,000 F2 plants from 15 G. max x G. sola 
crosses, Williams (1948) was unable to find any plants with 
seeds as large as the G. max or as small as the G. sola 
parents. Plants with seeds as large as the G. max recurrent 
parents were found in the BC^ and BC2 generations. Several 
researchers have observed that the seed size of plants in F2 
and F3 generations of interspecific crosses were skewed 
towards, but did not reach, the seed size of the G. soia 
parents (Tang and Li, 1963; Tang and Tai, 1962; Weber, 
1950). Weber (1950) found that one backcross to G. max 
doubled the mean seed size and increased the range of seed 
weights. Cianzio and Fehr (1987) reported an absence of 
cytoplasmic effects on seed weight and a partial dominance 
for the seed weight of the wild parent. 
From a study of the BCQ to BCG generations of two 
interspecific crosses of soybean. Carpenter and Fehr (1986) 
found a significant linear regression coefficient of 0.21 
when mean seed weights of populations were regressed on the 
average percentage of G. max germplasm in the populations. 
The frequency of segregates with seed weights under 100 mg 
sd"l decreased from 100% in the BCQ generation to 6% in the 
BC3 generation of one cross and from 100% in the BCQ to 0% 
in the BC3 of the other cross. They suggested selection for 
small-seeded segregates between each backcross for transfer 
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Of the trait. Phenotypic correlations across generations 
between seed weight and agronomic and lodging scores were 
negative and highly significant for both crosses. Averaged 
for the two crosses, the correlation was -0.49 between seed 
weight and agronomic score and -0.43 between seed weight and 
lodging score. Correlations between seed weight and plant 
height were not significant. 
The most common seed coat color of G. max is yellow. 
G. soia accessions usually have black seed coats. There are 
two genes controlling black and brown seed coat color in G. 
max. These genes also affect seed coat quality (Probst, 
1950; Ting, 1946). Ting (1946) observed green colored seed 
coats in and F2 plants of interspecific crosses. He 
concluded that the green seed coat color was inherited from 
G. soia. Carpenter and Fehr (1986) found frequencies of 
less than 1/16 for BCQF2.3 lines homogeneous for yellow seed 
coats, which indicated that the G. max and G. soia parents 
differed by more than the two alleles that were represented 
in a genetic system described by Bernard and Weiss (1973). 
A low frequency of lines homogeneous for yellow seed coats 
also was observed in the BC^ generation. By the BCg 
generation, a majority of the lines had yellow seed coat 
color. 
Isozyme analysis can be used to detect the 
introgression of wild germplasm (Tanksley and Rick, 1980). 
Graef et al. (1989) examined the relation of isozyme 
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genotypes to quantitative characters in lines from the BC2 
generation of two G. max x G. sola crosses. They detected 
associations that were population specific between certain 
enzyme genotypes and maturity, height, lodging, plant type, 
and vining. For every trait (except maturity, an increase in 
homozygous isozyme marker loci from the G. soia parent 
resulted in a phenotype that was more like that parent. The 
authors concluded that the recovery of lines posessing a 
trait donated from G. soia together with a favorable 
agronomic perfomance obtained from a G. max recurrent parent 
could be facilitated by enzyme marker selection. 
Suarez (1989) studied the same populations and found 
associations between the number of Isozyme loci homozygous 
for G. soia alleles and several other quantitative traits, 
including yield. However, these associations were found to 
be Inconsistent between the populations. For one of the 
crosses, there was an association detected between linolenic 
acid percentage and the marker Idh2. 
Breeding for seed size of soybean 
There have been reports that indirect selection for 
seed size can be effective in soybean. From a study of 
large-seeded populations. Bravo et al. (1980) found that 
selection based on pod width was more effective than 
selection for seed weight per se on an individual plant 
basis. One reason cited was the longer development time 
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required for seed weight than for pod development. As a 
result, environmental factors could have more of an 
influence on seed weight than on pod width. Frank and Fehr 
(1981) found that pod width was superior to pod length or 
thickness for efficient indirect selection of seed size in 
large-seeded soybeans. 
Indirect selection for pod width makes it possible to 
identify desirable plants before harvest. Cianzio et al. 
(1982) used a ratio of seed width to pod width to determine 
the earliest time that green pods can be measured for 
indirect selection. Their results indicated that maximum 
pod width had been reached by the time the seed was half the 
width of the terminal pod cavity. 
Bravo et al. (1981) evaluated the use of high-yielding 
cultivars with seeds ranging from 120 to 220 mg sd~^ as 
parents in crosses with large-seeded cultivars of lower 
yield potential. They found that this type of cross would 
be useful when the desired seed size of the progeny was 
similar to the midparent value. Therefore, the choice of 
high-yielding parents should be made with preference to 
those with the largest seed. To obtain a greater frequency 
of large-seeded segregates, they recommended backcrossing to 
the large-seeded parent. 
Winter nurseries in tropical environments are used 
routinely by soybean breeding programs in the United States 
for hybridization and generation advance. The effectiveness 
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of selection for traits of soybean genotypes adapted to 
temperate climates has been evaluated in tropical 
environments. Bravo et al. (1980) found that direct and 
indirect selection for large-seeded genotypes adapted to 
Iowa could be accomplished in Puerto Rico. Hawkins et al. 
(1983) found that selection for fatty acid composition of 
the seed oil also was effective in Puerto Rico. New 
cultivars can be developed more rapidly when selection is 
possible in a tropical environment (Eberhart, 1972; Fehr, 
1978). 
Gates et al. (1960) and Brim and Cockerham (1961) 
reported that additive variance was the principle component 
of genetic variance for seed weight in soybean. Leffel and 
Hanson (1961) found a greater contribution from nonadditive 
genetic variance in the expression of seed weight than that 
reported in the other two studies. Singh et al. (1974) and 
Tawar et al. (1986) found an equal contribution of additive 
and nonadditive genetic variance for the trait. After 
transforming seed weight data to a logarithmic scale, Weber 
(1950) observed additive gene action in G. max x G. sola 
crosses. This agreed with an earlier report by Fukuda 
(1933). Coupling phase linkages would be expected to 
predominate for most traits in interspecific soybean crosses 
(Graef et. al, 1989). Such linkages would enhance the 
additive component of genetic variation, which would 
diminish with backcrossing. 
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Carpenter and Fehr (1986) calculated estimates of 
herltablllty in standard units for seed weight of G. max x 
G. sola crosses by correlating the performance of F2 plants 
with their F3 progeny. Maximum heritabilities for seed 
weight were obtained in the BC^ generation of one cross and 
the BC2 generation of another cross. Averaged across the 
two crosses, the heritabilities for seed weight were 0.78 
for the BCi, 0.80 for the BC2, and 0.65 for the BC3 
generation. 
Bravo et al. (1980) obtained broad-sense heritabilities 
from variance component estimates for seed weight of 0.27 on 
a plant, 0.41 on a plot, and 0.71 on an entry-mean basis. 
Heritabilities for pod width were 0.54 on a plant, 0.75 on a 
plot, and 0.92 on an entry-mean basis. Frank and Fehr 
(1981) obtained larger heritability estimates for seed 
weight and pod width as a result of greater genetic 
variability among lines derived in later generations of 
inbreeding than those evaluated by Bravo et al. (1980). In 
addition, the heritabilities obtained by Frank and Fehr 
(1981) for pod width were closer to those for seed weight 
than observed by Bravo et al. (1980). Both studies obtained 
their heritability estimates from data collected from two 
replications at each of two environments in Iowa. 
Anand and Torrie (1963) calculated heritabilities based 
on variance component estimates for seed weight of F3 and 
progeny from three soybean crosses. The heritability 
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estimate on an entry-mean basis averaged over generations 
and crosses was 0.67. Gotoh (1963) obtained an average 
value of 0.56 on an entry-mean basis for two crosses. 
Yoshino et al. (1955) reported a heritability of 0.52 on a 
plant basis in the F2 generation. 
Genetic gain for a selected character is a function of 
its selection intensity, phenotypic standard deviation, and 
heritability (Allard, 1960). The expected genetic gain in 
seed weight for three soybean populations evaluated by Anand 
and Torrie (1963) ranged from 9 to 18 mg sd"^. Their data 
were averaged over the F3 and F4 generations, with a 
selection intensity of 5%. Bravo et al. (1980) obtained an 
actual genetic gain of 8 mg sd~^ for direct selection for 
seed weight and 12 mg sd"^ for selection by pod width when 
progeny from plants selected with a 25% intensity were 
evaluated. From a 20% selection intensity, Frank and Fehr 
(1981) obtained actual gains of 20 mg sd~^ on a plant and 23 
mg sd"! on an entry-mean basis for direct selection. 
Indirect selection produced gains of 18 mg sd~^ on a plant 
and 22 mg sd"^ on an entry-mean basis. 
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PART I. INTROGRESSION OF GENES FOR SMALL SEED SIZE 
FROM SIJCSmE SOJA INTO GLYCINE M&K 
16 
MATERIALS AND METHODS 
Three plant introductions (PI) of G. sola and three 
high-yielding G. max cultivars were used for the study 
(Table 1). The G. sola parents were selected on the basis 
of their different geographical origins and for maturity 
suitable to Iowa. The G. max parents were selected for 
their high seed yield, yellow seed coat, and yellow hila. 
Table 1. Crosses used in the study and characteristics of 
the parents 
G. max G. soja 
Cross Parentage® Maturity Origin Maturity 
1 Hardin x PI 440913B I China III 
2 S1346 X PI 81762 I USSR II 
3 B216 X PI 424004A II Korea III 
®Hardin (Fehr et al., 1983) is a public cultivar. S1346 
and B216 were developed by the Northrup King Company, 
Minneapolis, MN. 
Each PI was crossed to a cultivar at the Agronomy 
Research Center near Ames, lA in July 1983 to obtain 20 
seeds. In November 1983, the seeds were planted at the 
Iowa State University-University of Puerto Rico soybean 
breeding nursery at Isabela, PR. In May 1984, 200 BCqF2 
seeds from each cross were scarified and space planted 30 cm 
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apart in rows 69 cm wide at Ames. The BC0F2 plants with the 
smallest seed size were selected from each population in a 
two-step process. At maturity, the width of five pods from 
each plant was measured and the 30 plants with the narrowest 
width were harvested individually (Bravo et al., 1980; Frank 
and Fehr, 1981). The seeds from each plant were weighed. 
Three plants with small seeds were chosen, with preference 
to those with yellow or near-yellow seed coat color. 
The three selected BCQF2.3 lines from each population 
were backcrossed to their G. max parent in an October 1984 
planting in Puerto Rico. Six BC^F^ seeds were obtained for 
each of the three subpopulations (lines) of a cross. In 
January 1985, BC^F]^ seeds of each of the three 
subpopulations were planted in Puerto Rico to obtain BC2F2 
seeds. In June 1985, 100 BC^Fg seeds from each 
subpopulation of a cross were scarified and planted 30 cm 
apart in rows spaced 69 cm apart at Ames. The three BC^Fg 
plants with the smallest seed size from each cross were 
selected in the same manner as plants from the BCgFg 
populations. In October 1985, the three selected BC^Fg.g 
lines from each cross were backcrossed to their recurrent 
parent to obtain six BCgF^ seeds. In January 1986, the BCgF^ 
seeds were planted in Puerto Rico to obtain BCgFg seeds. In 
June 1986, 100 seeds from each subpopulation of a cross were 
planted at Ames. Three BCgFg segregates in each population 
were selected following the same procedure described for the 
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BC0F2 and BC1F2 populations. The BC3F1 seeds were obtained 
in Puerto Rico from an October 1986 planting, and the BC3F2 
seeds were obtained from a February 1987 planting in the 
same manner described for the BC^ and BC2 generations. 
A backcross program without selection for seed size was 
carried out for the same three crosses. Twenty-five BC^F^ 
seeds of each cross were obtained from a January 1984 
planting in Puerto Rico by backcrossing the BCqF^ plants to 
the appropriate recurrent parent. For each cross, about 50 
BC2F1 seeds were obtained at Ames in 1984 by mating the 
recurrent parent to as many different BC^Fi plants as 
possible. About 50 BCgF^ seeds were obtained in Puerto Rico 
in December 1984 for each cross. Selfed seeds of each 
backcross generation were obtained when the next backcross 
was made. BC3F2 seed was obtained from a February 1985 
planting in Puerto Rico. 
In June 1987, 300 F2 seeds from each generation of the 
two backcross programs for each cross were planted at Ames. 
The BCqF2 population was common to both the selected and 
unselected backcross programs. Seeds from the BCQ and BC^ 
generations were scarified. In addition, 100 seeds of each 
recurrent parent were planted. All seeds were planted 30 cm 
apart in rows spaced 69 cm apart. Two experiments were 
initiated at the time of harvest as follows : 
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Experiment 1 
Forty random F2 plants from each cross, backcross 
generation, and backcross program were harvested 
individually. Ten individual plants of each recurrent 
parent also were harvested. 
In May 1988, replicated field experiments were 
conducted at two locations near Ames: the Agronomy Research 
Center and the Burkey Farm. The locations close to Ames 
were chosen because shattering was expected for many of the 
entries which meant that plots would have to be harvested 
frequently. Each cross was evaluated independently in a 
randomized complete-block design with two replications at 
each location. For each cross, 40 F2.3 lines from the BCQ 
to BC3 generations of both backcrossing programs, five 
entries of the recurrent parent, and four entries of the 
sola parent were included. The G. sola. BCg, and BC^ seeds 
were scarified. All entries were planted in single-row 
plots 76 cm long with a row spacing of 1 m and a seeding 
rate of 20 seeds plot"!. 
Data for five characters were recorded for each plot. 
1. Seed weight = Average weight of a seed (mg sd~!) 
based oh a sample of 200 whole seeds. 
2. Seed coat color = Color of the seed coat, with 1 
representing yellow, 2 for yellow-brown, 3 for brown, 4 for 
green, and 5 for black. 
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3. Lodging score - A visual rating to the nearest 0.l,. 
ranging 1, all plants erect, to 5, all plants prostrate. 
4. Petiole retention = Percentage of petioles remaining 
in the plot when 95% of the pods have reached their mature 
color. 
5. Maturity date = Number of days after 31 July when 
95% of the pods in the plot have reached their mature color. 
Experiment 2 
In the fall of 1987, 60 BC3F2 plants were selected from 
each of the three crosses and from both backcross programs. 
Plants were chosen that matured within 3 days of the 
recurrent parent, did not shatter 2 weeks after maturity, 
had an upright main stem, did not retain their petioles 
after maturity, and had seed with yellow seed coats. Ten 
plants of each recurrent parent also were harvested. Eighty 
F3 seeds of each BC3F2 plant and seeds of each recurrent 
parent were planted in November 1987 in Puerto Rico for a 
seed increase. 
In May 1988, each cross was evaluated independently at 
Ames and Stuart, lA in a randomized complete-block design 
with two replications. For Crosses 2 and 3, 47 BC3F2.4 
lines from both backcrossing programs and four entries of 
the recurrent parent were evaluated. For Crosses 1, 42 
^^3^2:4 lines from both backcrossing programs and five 
entries of the recurrent parent were evaluated. The plots 
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were paired rows 4.6 m long with 68 cm between rows within 
the plots and 1 m between plots. The seeding rate was 59 sd 
m~^ of row. The plots were trimmed to the harvested length 
of 3.1 m in July. 
Data for five characters were recorded for each plot. 
Seed yield was measured as grams of seed per plot. Height 
was measured as the distance in cm from the soil surface to 
the tip of the plant. Seed weight, lodging score and 
maturity date were measured by the procedures described for 
Experiment 1. 
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STATISTICAL ANALYSIS 
Experiment 1 
For each cross, analyses of variance were performed on 
all traits for data combined over environments. Entries and 
environments were considered random effects and backcross 
generations and backcross programs were considered fixed 
effects. Analyses of variance were performed using Proc 
ANOVA in SAS (SAS User's Guide: Statistics, Version 5 
Edition, 1985). The following model was used: 
YLJK = P + AI + RJ(I) + VJÇ + (AV) + EIJK 
where: = observed value of the kth entry in the jth 
replication at the 1th environment; 
= overall mean; 
1 = 1 to 2; 
j = 1 to 2; 
k = 1 to 280; 
A^ = effect of the ith environment; 
®j(i) ~ effect of the jth replication in the ith 
environment; 
V]ç = effect of the kth entry; 
(AV) ijç = effect of the interaction of the ith 
location with the kth entry; 
eijk = error associated with the ijkth observation. 
For each analysis of variance, the mean squares due to 
entries were subdivided into variation among backcross 
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generations and variation among lines within backcross 
generations. Lines within backcross generation mean squares 
were divided into four components: 
1) among entries within the BCQ generation 
2) among entries within the BC^ generation 
3) among entries within the BC2 generation 
4) among entries within the BC3 generation 
Lines within backcross generation mean squares were divided 
into 7 components: 
1) among backcross programs within backcross 
generations which was divided into: 
1) among programs within the BC^ generation 
2) among programs within the BC2 generation 
3) among programs within the BC3 generation 
2) among lines within the selected program within 
the BC^ generation 
3) among lines within the selected program within 
the BC2 generation 
4) among lines within the selected program within 
the BC3 generation 
5) among lines within the unselected program within 
the BC^ generation 
6) among lines within the unselected program within 
the BC2 generation 
7) among lines within the unselected program within 
the BC3 generation 
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The significance of entries was tested against the 
environment x entry mean squares. Lines within each 
backcross population and backcross programs within the BC^ 
to BC3 generations were tested against their respective 
environment x line or environment x program mean squares, 
unless the interaction was not significant, in which case 
they were tested against the appropriate error mean squares 
(Table 2). 
A standard error was calculated for the mean of each 
backcross population (Steel and Torrie, 1980). 
SE(M) " (MSE/n)l/2 
where: 
MSB = mean square of the error term used to test 
for significant variation within the population, 
and 
n = number of observations in the mean. 
A standard error was calculated for the mean of each parent 
in the same manner from an analysis of variance using the 
same model. 
Experiment 2 
For each cross, analyses of variance were performed on 
all traits for data combined over environments. Entries and 
environments were considered random effects and backcross 
generations and backcross programs were considered fixed 
effects. Analyses of variance were performed using Proc 
Table 2. Form of the analysis of variance for data 
from backcross populations Included In 
Experiment 1 
Sources of variation Degrees of freedom^ 
Environments (A) (a-1) 
Repllcatlons/A (R/A) a(r-l) 
Entries (V) (v-1) 
Backcrosses (B) (b-1) 
Llnes/B (L/B) (v-b) 
L/B=0 (Ig-l) 
L/B=l (li-l) 
L/B=2 (Ig-l) 
L/B=3 (I3-I) 
Programs/B (P/B') b'(p-l) 
P/B=l (Pi-1) 
P/B=2 (P2-I) 
P/B=3 (P3-I) 
L/Selected/B=l (lgi-1) 
L/Selected/B=2 (Igg-l) 
L/Selected/B=3 (Igg-l) 
L/Unselected/B=l (ly^-l) 
L/Unselected/B=2 (1^2"!) 
L/Unselected/B=3 (1^3-1) 
Environments x Entries (AxV) (a-1)(v-1) 
Environments x Backcrosses (AxB) (a-1)(b-1) 
^b' = backcrosses with two different programs. 
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Expected mean squares 
FF2 + va\yj^  + RFF2^V + 
A2 + va\yf^ 
+ RFF^^Y + RAA^Y 
(y^R/AB + ra^AB + ra(B)2/(b-l) 
(^^R/AL/B + ^"^AL/B + 
^^R/AL/B=0 + f*^AL/B=0 + Z**^L/B=0 
^^R/AL/B=1 + ^ ^^AL/B=1 + "*'^L/B=1 
''^R/AL/B=2 + ^^^AL/B=2 + ^®''^L/B=2 
(^^R/AL/B=3 + '^''^AL/B=3 + ^^^^L/B=3 
(^^R/AP/B' + re^AP/B'+ ra(P/B')2/b'(p-l) 
^^R/AP/B=1 + ^ ^^AP/B=1 + ra(P/B=l)2/(Pi-l) 
®^^R/AP/B=2 + ^(^^AP/B=2 + ra(P/B=2)2/(P2-l) 
'^^R/AP/B=3 + f*^AP/B=3 + ^a (P/B=3) V (P3-I) 
^^R/AL/S/B=1 + ^''^AL/S/B^l + "<'^L/S/B=1 
^^R/AL/S/B=2 + ^'^^AL/S/B=2 + "^^L/S/B=2 
^^R/AL/S/B=3 + ^''^AL/S/B=3 + ^®<'^L/S/B=3 
(^^R/AL/U/B=1 + ^<'^AL/U/B=1 + ^^('^L/U/B=L 
^^R/AL/U/B=2 + ^('^AL/U/B=2 + ^®^^L/U/B=2 
^^R/AL/U/B=3 + ^''^AL/U/B=3 + "<'^L/U/B=3 
A2 + RC2AV 
°^R/kB + RC^AB 
Table 2. Continued 
Sources of variation Degrees of freedom 
Environments x Lines/B (AxL/B) (a-1 (v-b) 
AxL/B-0 (a-1 (iQ-l) 
AXL/B»1 (a-1 (ll-l) 
AxL/B=2 (a-1 (I2-I) 
AXL/B=3 (a-1 (I3-I) 
Environments x Programs/B (AxP/B') (a-1 b'(p-l) 
AxP/B=l (a-1 (Pl-1) 
AxP/B=2 (a-1 (P2-I) 
AxP/B=3 (a-1 (P3-I) 
AxL/Selected/B=l (a-1 (lsl-1) 
AxL/Selected/B=2 (a-1 M 01 to
 1 H
 
AxL/Selected/B=3 (a-1 (ls3-l) 
AxL/Unselected/B=l (a-1 dui-l) 
AxL/Unselected/B=2 (a-1 (lu2-l) 
AxL/Unselected/B=3 (a-1 (lu3-l) 
Error (R/AxV) a<r-l)(v-1) 
R/AxB a(r-l)(b-l) 
R/AxL/B a(r-l)(v-b) 
R/AxL/B=0 a(r-l)(lo-l) 
R/AxL/B=l a(r-l)(li-l) 
R/AxL/B=2 a(r-l)(l2-l) 
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Expected mean squares 
<^^R/A1/B=0 + r*^AL/B=0 
2 
° R/AL/B=1 + r*^AL/B=l 
2 
R/AL/B=2 + r*^AL/B=2 
('^R/AL/B=3 + r*^AL/B=3 
2 2 
R/AP/B' + AP/B' 
2 
^ R/AP/B=1 + r*^AP/B=l 
2 
R/AP/B=2 + r*^AP/B=2 
*^^R/AP/B=3 + __2 AP/B=3 
*^R/AL/S/B=1 + ra^AL/S/B»! 
_2 
R/AL/S/B=2 + ^(^^AL/S/B=2 
0^R/AL/S/B=3 + ^(^^AL/S/B=3 
2 
^ R/AL/U/B=1 + ^<^^AL/U/B=1 
0^R/AL/U/B=2 + ^^^AL/U/B=2 
2 
^ R/AL/U/B=3 
*2 
+ ^''^AL/U/B=3 
*^R/AB 
° R/AL/B 
*^R/AL/B=0 
0^R/AL/B=1 
*^R/AL/B=2 
Table 2. Continued 
Sources of variation Degrees of freedom 
R/AxL/B-3 a(r-l (I3-I) 
R/AXP/B' a(r-l b'(p-1) 
R/AXP/B=1 a(r-l (Pl-1) 
R/AXP/B=2 a(r-l (P2-I) 
R/AXP/B=3 a(r-l (P3-I) 
R/AxL/Selected/B=l a(r-l (lsl-1) 
R/AxL/Selected/B=2 a(r-l (ls2-l) 
R/AxL/Selected/B=3 a(r-l (ls3-l) 
R/AxL/Unse1ected/B=1 a(r-l (lul-1) 
R/AxL/Unselected/B=2 a(r-l (lu2-l) 
R/AxL/Unselected/B=3 a(r-l (lu3-l) 
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Expected mean squares 
(^^R/AL/B=3 
R/AP/B' 
<^^R/AP/B=1 
_2 
R/AP/B=2 
*^R/AP/B=3 
*^R/AL/S/B=1 
(^^R/AL/S/B=2 
2 
° R/AL/S/B=3 
<^^R/AL/U/B=1 
2 
^ R/AL/U/B=2 
2 
R/AL/U/B=3 
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ANOVA in SAS (SAS User's Guide: Statistics, Version 5 
Edition, 1985). The following model was used: 
*IJK - P + AI + RJ(I) + VJÇ + (AV) IIG + EIJK 
where: *ijjc = observed value of the kth entry in the jth 
replication at the ith environment; 
H = overall mean; 
i = 1 to 2; 
j = 1 to 2; 
k = 1 to 84 for Cross 1, 1 to 94 for Crosses 2 and 
3; 
A^ - effect of the ith environment; 
Rj = effect of the jth replication in the ith 
environment; 
Vjç = effect of the kth entry; 
(AV) ijç = effect of the interaction of the ith 
location with the kth entry; 
eijk = error associated with the ijkth observation. 
For each analysis of variance, the mean squares due to 
entries were subdivided into variation among backcross 
programs, variation among lines within the selected program, 
and variation among lines within the unselected program. 
The significance of entries was tested against the 
environment x entry mean squares. Backcross programs and 
lines within selected and unselected programs were tested 
against their respective environment x program or 
environment x line mean squares, unless it was not 
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significant, in which case they were tested against the 
appropriate error mean square (Table 3). 
A standard error for the mean of each backcross 
population, line within each backcross population, and 
recurrent parent was calculated, as described for Experiment 
1. 
Phenotypic correlation coefficients on an entry-mean 
basis were obtained between seed weight and seed yield, 
lodging, maturity, and height using data combined across 
environments. The proc CORR procedure in SAS (SAS User's 
Guide: Statistics, Version 5 Edition, 1985) was used to 
calculate the coefficients. 
Table 3» Form of the analysis of variance for data 
from backcross populations included in 
Experiment 2 
Sources of variation Degrees of freedom 
Environments (A) (a-1) 
Replications/A (R/A) a(r-l) 
Entries (V) (v-1) 
Programs (P) (P-1) 
Lines/Selected (L/S) (Ig-l) 
Lines/Unselected (L/U) 
Environments x Entries (AxV) (a-1)(v-1) 
A X P . (a-1)(p-1) 
A X L/S (a-1)(lg-1) 
A X L/V (a-1)(lu-l) 
Error (R/A x V) a(r-l)(v-1) 
R/A X P a(r-l)(p-1) 
R/A X L/S a(r-l)(ls-l) 
R/A X L/U a(r-l)(ly-l) 
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Expected mean squares 
A2 + + RA2^V + RVA^^ 
FF2 + 
A2 + RA^^Y + RAA^Y 
(y^R/AP + rpZap + ra(P)2/(P-l) 
'^^R/AL/S + •*• 
^^R/AL/U + ^°^KL/^ •'• 
A2 + RA2^V 
(^^R/AP + R*^AP 
(^^R/AL/S + ^®^AL/S 
(^^R/AL/U + ^°^KL/^ 
A2 
(^^R/AP 
(^^R/AL/S 
^ R/AL/U 
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RESULTS 
Experiment l 
For all crosses, mean seed weights for selected and 
unselected populations increased with each backcross (Tables 
4, 5I and 6). Except for the BC2 generation of Cross 2, the 
mean seed weight of the selected population was lower than 
the mean of the unselected population in each generation of 
each cross. 
For Cross 1, the analysis of variance combined across 
environments indicated significant differences for seed 
weight between the selected and unselected populations in 
the BC^ to BC3 generations. Differences between the means 
of selected and unselected populations were 4 mg sd**^ for 
the BC^f 9 mg sd"^ for the BC2, and 11 mg sd~^ for the BC3 
generation (Table 4). 
There were significant differences for seed weight 
between the selected and unselected populations in the BC^ 
and BC3 generations of Cross 2. The differences were 4 mg 
sd"^ in the BC^ and 10 mg sd"^ in the BC3 generation (Table 
5). 
For Cross 3, the differences for seed weight between 
the selected and unselected populations in the BC^ and BC2 
generations were significant. Differences between the means 
of selected and unselected populations were 8 mg sdT^ for 
the BC^, 7 mg sd"^ for the BC2, and 2 mg sd~^ for the BC3 
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Table 4. Means and standard errors* of four traits for the 
backcross populations of Cross 1 included in 
Experiment 1 
Trait^ 
Petiole 
Population Seed weight Lodging retention Maturity 
mg sd"! score % d 
BC0F2 42 ± 0 
o
 
in 
± o
 
o
 
79 ± 2 57 ± 0 
BC1F2 selected 66 ± 0 4.8 ± 0.0 63 ± 2 51 ± 0 
unselected 70 ± 0 4.6 ± 0.0 54 ± 2 47 ± 0 
BC2F2 selected 82 ± 0 4.1 ± 0.1 38 ± 2 41 ± 0 
unselected 91 ± 1 4.0 ± 0.0 47 ± 2 44 ± 0 
BC3F2 selected 95 ± 1 3.6 ± 0.1 31 ± 2 43 ± 0 
unselected 106 ± 0 3.3 ± 0.0 35 ± 3 44 ± .0 
Hardin 119 ± 1 2.8 ± 0.1 11 ± 3 43 ± 0 
PI 440913B 14 ± 0 5.0 ± 
o
 
o
 98 ± 1 62 ± 1 
^Standard errors of less than 0.5 of the unit value of 
the trait are indicated with a zero. 
"Lodging score = 1 (erect) to 5 (prostrate). Petiole 
retention = percentage of petioles retained at maturity. 
Maturity = number of days after 31 July when 95% of the pods 
have reached their mature color. 
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Table 5. Means and standard errors* of four traits for the 
backcross populations of Cross 2 included in 
Experiment 1 
Trait^ 
Petiole 
Population Seed weight Lodging retention Maturity 
mg sd"! score % d 
BC0F2 50 ± 0 4.9 ± 0.0 82 ± 2 54 ± 0 
BC1F2 selected 76 ± 0 3.8 ± 0.0 39 ± 2 40 ± 0 
unselected 80 ± 1 4.0 ± 0.0 50 ± 2 46 ± 0 
BC2F2 selected 94 ± 1 3.4 ± 0.0 30 ± 2 48 ± 0 
unselected 94 ± 0 3.5 ± 0.0 34 ± 2 43 ± 0 
BC3F2 selected 106 ± 1 2.9 ± 0.0 21 ± 2 43 ± 0 
unselected 116 ± 1 2.7 ± 0.0 24 ± 2 39 ± 0 
S1346 142 ± 2 2.4 ± 
H
 
o
 14 ± 4 40 ± 1 
PI 81762 14 ± 0 5.0 ± 0.0 82 ± 2 47 ± 1 
^Standard errors of less than 0.5 of the unit value of 
the trait are indicated with a zero. 
"Lodging score = 1 (erect) to 5 (prostrate). Petiole 
retention - percentage of petioles retained at maturity. 
Maturity = number of days after 31 July when 95% of the pods 
have reached their mature color. 
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Table 6. Means and standard errors* of four traits for the 
backcross populations of Cross 3 included in 
Experiment 1 
Trait** 
Petiole 
Population Seed weight Lodging retention Maturity 
mg sd"! score % d 
BC0F2 56 ± 0 4.9 ± o
 
o
 
72 ± 2 57 ± 0 
BC1F2 selected 78 ± 0 4.0 ± 0.0 39 ± 2 42 ± 0 
unselected 86 ± 1 4.0 ± 0.1 50 ± 2 49 ± 0 
BC2F2 selected 99 ± 1 3.0 ± 0.0 43 ± 1 56 ± 0 
unselected 106 ± 1 2.9 ± 0.0 45 ± 2 53 ± 0 
BC3F2 selected 114 ± 0 2.6 ± 0.0 27 ± 2 47 ± 0 
unselected 116 ± 0 2.6 ± 0.0 28 ± 1 49 ± 0 
B216 127 ± 1 2.3 ± 0.1 23 ± 3 46 ± 0 
PI 424004A 21 ± 1 5.0 ± 0.0 100 ± 0 61 ± 1 
^standard errors of less than 0.5 of the unit value of 
the trait are indicated with a zero. 
"Lodging score = 1 (erect) to 5 (prostrate). Petiole 
retention « percentage of petioles retained at maturity. 
Maturity = number of days after 31 July when 95% of the pods 
have reached their mature color. 
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generation (Table 6). Unlike Crosses 1 and 2 ,  the 
difference between selected and unselected populations was 
greatest in the BC^ generation of Cross 3. In the other two 
crosses, the greatest differences occurred in the BC3 
generations. 
The mean seed weights of the selected and unselected 
populations of Cross 1 were lower in each generation 
compared with the populations of Crosses 2 and 3 (Tables A, 
5, and 6). Hardin, the recurrent parent of Cross 1, had a 
lower seed weight than the recurrent parents of Crosses 2 or 
3. The seed weight of the G. sola donor parent of Cross 1 
was lower than the seed weight of the G. soia parent of 
Cross 3 and equal in seed weight to the G. soia parent of 
Cross 2. 
The BC3 unselected populations of Crosses 1 and 3 had 
seed weights more closely approaching the seed weights of 
their respective recurrent parents than did the BC3 
unselected population of Cross 2 (Tables 4, 5, and 6). 
Cross 2 involved the recurrent parent with the highest seed 
weight. 
None of the BCqF2-derived lines from Crosses 1, 2, or 3 
had seed weights equal to their G. soia parent. The lowest 
mean seed weight for a line in the BCQ generation was 30 mg 
sd"^ for Cross 1, 33 mg sd"^ for Cross 2, and 45 mg sd~^ for 
Cross 3. 
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Selection for seed weight in Cross 1 increased the 
frequency of segregates with the lowest seed weight in the 
BCi generation (Table 7). In the BC2 and BC3 generations, 
the frequency of segregates with seed weights less than 100 
mg sd"! was greatest for the selected populations. In Cross 
2, a greater frequency of lines with seed weights less than 
100 mg sd"! were from the selected populations in each 
generation (Table 8). A greater frequency of lines with 
seed weights less than 100 mg sd~^ also were from the 
selected populations of Cross 3 (Table 9). 
Selection increased the frequency of lines in the BC3 
generation of each cross with a seed weight of 100 mg sd~^ 
or less. Lines with 100 mg sd"^ or less are referred to as 
small-seeded lines (Table 10). An average of 37% of the 
8^3^2:3 lines from the selected populations had small seed 
compared with 18% from the unselected populations. For 
Crosses 1 and 2, more BC3F2.3 lines from selected 
populations had small seeds with yellow seed coats. There 
were no lines with both of these characteristics in Cross 3. 
Only the selected populations of Crosses 1 and 2 had any 
lines with small seeds and acceptable agronomic 
characteristics. One of these lines from each of the two 
selected populations also had yellow seed coats. 
Mean lodging scores of selected and unselected 
populations for each cross improved with backcrossing 
(Tables 4, 5, and 6). For Crosses 1 and 2, mean lodging 
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Table 7. Frequency distributions for seed weight of lines 
in backcross populations of Cross 1 included in 
Experiment 1 
Seed weight (mg sd"^) 
Population <20 20-39 40-59 60-79 80-100 >100 
% 
BCO 33 65 2 
BCl selected 22 70 8 
unselected 18 60 22 
BC2 selected 2 40 50 8 
unselected 2 28 35 35 
BC3 selected 10 60 30 
unselected 30 70 
Hardin . 100 
PI 440913B 100 
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Table 8. Frequency distributions for seed weight of lines 
in backcross populations of Cross 2 Included in 
Experiment 1 
Seed weight (mg sd"^) 
Population <20 20-39 40-59 60-79 80-100 >100 
% 
SCO 10 78 10 2 
BCl selected 2 65 33 
unselected 10 35 47 8 
BC2 selected 5 65 30 
unselected 5 28 20 47 
BC3 selected 32 68 
unselected 20 80 
S1346 100 
PI 81762 100 
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Table 9. Frequency distributions for seed weight of lines 
in backcross populations of Cross 3 included in 
Experiment 1 
Seed weight (mg sd~^) 
Population <20 20-39 40-59 60-79 80-100 >100 
% 
SCO 70 30 
BCl selected 5 43 50 2 
unselected 25 60 15 
BC2 selected 65 35 
unselected 2 28 70 
BC3 selected 10 90 
unselected 5 95 
B216 100 
PI 424004A 100 
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Table 10. Frequency of lines with three characteristics in 
BC3F2 populations of Experiment 1 
Characteristic* 
Population 
Seed weight 
£ 100 mg sd"i 
Yellow seed 
coat and seed 
weight of 
É 100 mg sd -1 
Agronomically 
acceptable and 
seed weight of 
^ 100 mg sd"! 
Cross 1 
selected 70 
urselected 30 
32 
10 
2 
0 
Cross 2 
selected 32 
unselected 20 
12 
10 
5 
0 
Cross 3 
selected 10 
unselected 5 
0 
0 
0 
0 
^Agronomically acceptable - mean lodging score, petiole 
retention, and maturity were within 2 standard deviations of 
the mean of the recurrent parent. 
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scores of the selected populations in the BC^ generation 
were significantly different from the unselected 
populations. The lodging score of the selected population 
was higher in the BC^ generation of Cross l and lower in the 
BC^ generation of Cross 2 than the corresponding unselected 
population. In the BC2 generation of Cross 3, the selected 
population also had a significantly higher lodging score 
than the unselected population. 
Petiole retention of selected and unselected 
populations generally was reduced with backcrossing (Tables 
4, 5, and 6). In the BC^ generation of Crosses 2 and 3, 
petiole retention was significantly greater for the 
unselected populations. 
Maturity dates for selected populations of each cross 
were not consistently earlier or later than the unselected 
populations (Tables 4, 5, and 6). Differences in mean 
maturity dates between selected and unselected populations 
in each generation of each cross were significant, except 
for the difference between populations in the BC3 generation 
of Cross 1. 
The frequency of lines homogeneous for yellow seed 
coats generally increased with each backcross for both 
programs of each cross (Table 11). None of the BCQF2.3 
lines from any cross were homogeneous for yellow seed coats. 
Across generations, frequencies were not consistently 
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Table 11. Frequency of lines homogeneous for yellow seed 
coats in populations of Experiment 1 
Population Cross 1 Cross 2 Cross 3 
BC0F2 0 0 0 
BC1F2 selected 2 2 8 
unselected 0 2 10 
BC2F2 selected 8 0 15 
unselected 10 15 22 
BC3F2 selected 
unselected 
38 
40 
18 
28 
55 
38 
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greater for either selected or unselected populations of any 
cross. 
Experiment 2 
The mean seed weight of BC3F2.4 lines from each selected 
population was significantly lower than the mean of lines 
from the unselected populations (Table 12). The relative 
differences between selected and unselected populations were 
similar in Experiments 1 and 2 for Crosses 2 and 3, but not 
for Cross 1. For Cross 1, the difference between the 
selected and unselected populations was 22 mg sd"^ in 
Experiment 2 and 11 mg sd~^ in Experiment 1. For each of 
the crosses, selection for seed weight increased the 
frequency of BC3F2.4 lines with mean seed weights of 100 mg 
sd~^ or less (Table 13). 
The analyses of variance across environments indicated 
that only the selected population of Cross 1 had a 
significantly lower mean seed yield than the unselected 
population (Table 12). Among the lines with seed weights of 
100 mg sd"l or less, higher yielding lines were recovered 
from the selected populations (Table 13). The percentage of 
the yield of the recurrent parent which was exhibited by the 
highest yielding small-seeded line was 89% for Cross 1, 84% 
for Cross 2, and 89% for Cross 3. 
The selected population of Cross 1 had a significantly 
higher mean lodging score compared with the unselected 
i 
Table 12. Means and standard errors* of five traits for the recurrent parent and 
backcross populations of Experiment 2 
j Trait^ 
J 
Population Seed weight Yield Lodging Maturity Height 
mg sd"l g plot"! score d cm 
Cross 1 
BC3F2 selected 96 ± 0 882 ± 9 2.2 + 0.0 21 ± 0 83 ± 1 
unselected 118 ± 1 962 ± 16 1.8 + 0.0 20 ± 0 81 ± 0 
Hardin 129 ± 2 1132 ± 29 1.6 + 0.1 21 ± 0 81 ± 1 
Cross 2 
BC3F2 selected 113 ± 1 740 ± 11 1.6 + 0.0 18 ± 0 70 ± 1 
unselected 123 ± 1 777 ± 17 1.5 + 0.0 20 ± 0 70 ± 1 
S1346 153 ± 3 999 ± 31 1.1 + 0.0 20 ± 0 70 ± 1 
Cross 3 
BC3F2 selected 104 ± 1 751 ± 14 1.7 ± 0.0 28 ± 0 85 ± 0 
unselected 107 ± 1 724 ± 19 1.7 + 0.0 27 ± 0 85 - 0 
B216 115 i 3 892 ± 47 1.3 + 0.0 27 ± 1 86 - 2 
^Standard errors of less than 0.5 of the unit value of the trait are 
indicated with a zero. 
"Lodging = 1 (erect) to 5 (prostrate). Maturity = number of days after 31 
July when 95% of the pods have reached a mature color. 
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Table 13. Frequency of BCgFg.* lines with seed weights of 
^ 100 mg sd"! in Experiment 2 and the range in 
yield among these lines 
Population 
Seed weight 
^ 100 mg sd~^ 
Range in yield 
among lines 
% g plot"! 
Cross 1 
selected 
unselected 
64 
10 
543-1012 
502-876 
Cross 2 
selected 
unselected 
15 
6 
306-842 
534-705 
Cross 3 
selected 
unselected 
34 
23 
218-792 
394-740 
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population (Table 12). None of the other crosses had 
populations with significantly different lodging scores. 
The mean height of the selected population of Cross 1 
differed significantly from the unselected population (Table 
12). The selected population of Cross 1 was 2 cm taller 
than the unmelected population. 
The mean maturity of the selected population of Cross 2 
was 2 days earlier than the unselected population (Table 
12). Differences for maturity between populations of 
Crosses 1 and 3 were not significant. 
For all crosses, phenotyplc correlations on an entry-
mean basis between seed weight and yield were significant 
and positive for both the selected and unselected 
populations (Table 14). Cross 3 had the highest 
correlations and the least difference between the selected 
and unselected populations. Cross 2 had the lowest 
correlations for both the selected and unselected 
populations. The average correlation was 0.44 among 
selected populations and 0.54 among unselected populations. 
Correlations between seed weight and the other traits 
w e r e  m o s t l y  n e g a t i v e  ( T a b l e  1 4 ) .  F o r  C r o s s e s  1  a n d  2 ,  
negative correlations between seed weight and lodging were 
significant for both populations. A significant negative 
correlation between these traits also was exhibited by the 
selected population of Cross 3. For the selected population 
of each cross, there was a significant negative correlation 
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Table 14. Phenotypic correlations between seed weight 
and yield, lodging, maturity, and height for 
populations of Experiment 2 
Trait Population Cross 1 Cross 2 Cross 3 
Yield selected 0.39** 
unselected 0.57** 
Lodging selected -0.67** 
unselected -0.50** 
Maturity selected -0.53** 
unselected -0.42** 
Height selected -0.51** 
unselected -0.44** 
0.34* 
0.47** 
-0.34* 
-0.59** 
-0.54** 
-0.23 
-0.39** 
•0.38** 
0.59** 
0.58** 
-0.71** 
0.15 
-0.41** 
0.43** 
-0 .26  
0.40** 
*,**Significant at the 0.05 and 0.01 probability 
levels, respectively. 
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between seed weight and maturity. The correlations between 
these traits were not consistent among the unselected 
populations. Seed weight and height had a significant 
negative correlation for both populations of Crosses 1 and 
2. In the unselected population of Cross 3, there was a 
significant positive correlation between seed weight and 
height. 
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DISCUSSION 
Previous studies by Ertl and Fehr (1985) and Carpenter 
and Fehr (1986) have reported that two or three backcrosses 
to a G. max recurrent parent were required to obtain lines 
with acceptable agronomic performance from G. max x G. sola 
crosses. Carpenter and Fehr (1986) noted that the Increase 
In the frequency of acceptable lines that occurred from 
backcrosslng was accompanied by an Increase In the average 
seed weight among lines. 
Data for the three crosses In Experiment 1 of this 
study Indicated that seed weights Increased with each 
backcross for both the selected and unselected backcross 
populations. However, selection for seed size In each 
backcross generation was effective in reducing seed weight 
compared with no selection during backcrosslng. Selection 
also Increased the frequency of lines in the BCg generation 
of each cross that had seed weights of 100 mg sd~^ or less. 
If genes for small seed size were strongly associated 
with genes contributing to poor agronomic characteristics 
and dark seed coats, the benefit of the increased frequency 
of small-seeded lines obtained by selection could have been 
negated. There is some evidence that a lower frequency of 
recombination can be expected from G. max x G. sola crosses 
compared with G. max x G. max crosses (Griffin and Palmer, 
1987; Graef et al., 1989). A lower frequency of 
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recombination would maintain a higher frequency of genes 
from G. sola linked in the coupling phase to genes for small 
seed size. For this study, a line was determined to be 
agronomically acceptable if the mean lodging score, petiole 
retention, and maturity date were each within two standard 
deviations of the mean of the recurrent parent. A line was 
determined to be small-seeded if it had a mean seed weight 
of 100 mg sd"! or less. Frequencies of agronomically 
acceptable lines with seed weights of 100 mg sd~^ or less 
and yellow seed coats were compared between selected and 
unselected populations in the BC3 generation. Frequencies 
of small-seeded lines with yellow seed coats were higher 
than frequencies of small-seeded lines with acceptable 
agronomic traits in every population. This corresponds to 
the findings of Carpenter and Fehr (1986) when selection was 
not practiced, and frequencies of different traits were 
calculated for all backcross derived lines regardless of 
seed size. In the comparison of selected populations versus 
the unselected populations of Crosses 1 and 2, it was 
possible to recover a greater frequency of lines with the 
combined characteristics of small seed size, yellow seed 
coats, and acceptable agronomic traits from the selected 
populations. Therefore, selection for small seed during 
backcrossing would provide an increased opportunity for 
selection of traits other than seed size among small-seeded 
lines. The results indicated that there would not simply be 
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a greater proportion of small-seeded lines with poor 
agronomic traits. 
From the selected and unselected populations of Cross 
3, it was not possible to obtain lines with small seed size 
and acceptable agronomic traits. The frequency of lines 
with these characteristics also was small in the selected 
populations of Crosses 1 and 2. This underscores the need 
for large population sizes to obtain small-seeded lines of 
value from G. max x G. sola crosses. 
The results of Experiment 2 indicated that it is 
difficult to obtain small-seeded lines with high yield. For 
each cross evaluated, the selected and unselected 
populations exhibited high positive phenotypic correlations 
between seed weight and seed yield. However, selection for 
seed size between backcross generations provided a group of 
small-seeded lines from each cross from which high-yielding 
lines were recovered. Therefore, selection for seed size 
benefitted the development of high-yielding lines with small 
seed. 
The frequency of small-seeded lines was influenced by 
the seed size of the recurrent parents. The results 
indicated that G. max parents with smaller than average seed 
size should be utilized in a backcross program. However, 
high yield of the recurrent parent should not be forfeited. 
The highest yielding small-seeded line was obtained from 
Cross 1, which had the highest yielding recurrent parent. 
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CONCLUSIONS 
The feasibility of transferring genes for low seed 
weight from G. sola into high-yielding cultivars of G. max 
by backcrossing was investigated. For three G. max x G. 
soia crosses, selection between backcross generations for 
low seed weight was compared with no selection during 
backcrossing. Selection resulted in backcross progeny with 
smaller seed weights than progeny obtained from backcrossing 
without selection. In the BC3 generation of each cross, 
more progeny from the selection program had seed weights of 
100 mg sd"l or less and acceptable agronomic traits. 
Seed yield of BC3 populations from the backcrossing 
programs with and without selection was compared. A 
significantly lower yield was exhibited by the selected 
population in only one of the three crosses. Among lines 
with seed weights of 100 mg sd"^ or less, higher yielding 
lines were recovered from the selected populations of each 
cross. Therefore, selection for seed size benefitted the 
development of high-yielding lines by providing a greater 
number of lines with small seed that could be evaluated for 
yield. Within the BC3 populations obtained by selection, up 
to 89% of the yield of the recurrent parent was exhibited by 
lines with seed weights of 100 mg sd~^ or less. 
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PART II. DIRECT AND INDIRECT SELECTION FOR SMALL 
SEED OF SOYBEAN IN TEMPERATE AND TROPICAL 
ENVIRONMENTS 
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MATERIALS AND METHODS 
Three plant Introductions (PI) of G. sola and three 
high-yielding G. max cultivars were used for the study 
(Table 15). The G. sola parents were chosen for their 
maturity. The G. max parents were chosen for their superior 
yield potential and for differences in their maturity. 
Table 15. Crosses used in the study and characteristics of 
the parents 
Cross Parentage^ 
1 Hardin x PI 440913B 
2 2050 X PI 407293 
3 Harper x PI 468918 
G. max G. soja 
Maturity Origin Maturity 
I China III 
II China II 
III China II 
^Hardin (Fehr et al., 1983) and Harper (Bahrenfus and 
Fehr, 1984) are public cultivars. 
Each PI was crossed to a cultivar at the Agronomy 
Research Center near Ames, lA in 1983 to obtain 20 seeds. 
For each of the crosses, a backcross program with selection 
for small seed size was conducted as described in detail in 
Part I. Forty random BC2F2 plants from each cross were 
harvested at Ames in 1986 for use in this study. 
In November 1986, replicated field experiments were 
conducted under natural daylength conditions at the Iowa 
State University-University of Puerto Rico soybean breeding 
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nursery at Isabela, PR (PR 1986). Each cross was evaluated 
independently in a randomized complete-block design with two 
replications. For each cross, 40 BC2F2.3 lines were planted 
in single-row plots 76 cm long with a row spacing of 1 m and 
a seeding rate of 12 sd plot"^. The choice of BC^F^-derived 
lines for testing was based on the finding of Carpenter and 
Fehr (1986) that among the BCQ to BCg generations they 
examined, the BC2 generation exhibited the greatest genetic 
variation for seed weight. Each plot was thinned to five 
plants before flowering. Pod width of five random pods was 
measured on each of three random plants in each plot. Pod 
width was defined as the widest part of the terminal seed 
cavity from suture-to-suture when the pod reached its mature 
color (Bravo et al., 1980). The measurement was made to the 
nearest 0.1 mm with a caliper. The three plants from each 
plot were threshed individually after pod width measurements 
were completed, and total weight and number of whole seeds 
were recorded for each plant. Replicated field experiments 
were conducted at three other environments in the same 
manner described for PR 1986. Plantings were made at Puerto 
Rico in February 1987 (PR 1987), at Ames in 1987 (lA 1987), 
and at Ames in 1988 (lA 1988). 
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STATISTICAL ANALYSIS 
For each cross, analyses of variance were performed on 
all traits for data combined over environments. Entries and 
environments were considered random effects. Analyses of 
variance were performed using Proc ANOVA in SAS (SAS User's 
Guide: Statistics, Version 5 Edition, 1985). The following 
model was used: 
Yijk = P + Ei + Rj(i) + LJÇ + (EL)i% + eijk + 
P/I^IJKL 
where: ^ijk = observed value of the kth line in the jth 
replication at the ith environment; 
/X - overall mean; 
i = 1 to 4; 
j = 1 to 2; 
k = 1 to 40; 
Ej^ = effect of the ith environment; 
= effect of the jth replication in the ith 
environment; 
= effect of the kth line; 
(EL)i% = effect of the interaction of the ith 
location with the kth line; 
e^jk = error associated with the ijkth observation; 
P/LREj^jj^]^ = residual error. 
The significance of environments was tested using an 
approximate F test (Satterthwaite, 1946), 
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where: 
F'p,g « (M1)/(M2 + M4) - MS and 
Ml = environment mean square; 
M2 = replications within environments mean square; 
M4 = environment x line mean square; 
M5 = error mean square. 
The appropriate degrees of freedom for the F' statistic were 
calculated according to Satterthwaite (1946) as follows: 
p = fl 
q = (M2 + M4 - M5)2/[(M22/f2) + (M4Vf4) + 
(MSVFS) ] 
where f^, fg, fg are the degrees of freedom for the 
corresponding mean squares (Table 16). The significance of 
lines was tested against the environment x line mean square, 
unless it was not significant, then it was tested against 
the mean square for error, R/AxV. 
For each cross, the least significant difference (LSD) 
among environments for mean seed weight and pod width was 
calculated at the 0.05 level of probability. 
LSDo.05 = to,05 [2(MSE)/n]V2 
t = tabular Student's t value for the 0.05 level of 
probability and the degrees of freedom for the 
error term, 
MSE - mean squares of the error term used to test 
for significance, and 
n = the number of observations in the mean = 240. 
Table 16. Form of the analysis of variance for data 
from BC2F2-derived lines at four environments 
Sources of variation 
Environments (E) 
Repllcatlons/E (R/E) 
Lines (L) 
E X L 
Error (R/ExL) 
Plants/Plots 
Degrees of freedom 
e-1 
e(r-l) 
1-1 
(e-1)(1-1) 
e(r-l)(1-1) 
erl(p-l) 
63 
Expected mean squares Mean squares 
a^w + pff2 + + pra^gg + rga^g Ml 
a^w + pa^ + gff^r/E M2 
a^w + pff^ + pra^gg + preo^g M3 
a^w + pa^ + pra^gg M4 
a^w + pa^ M5 
or^w M6 
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For each cross, broad sense herltablllty estimates were 
computed from variance component estimates for data combined 
across environments on a plant, plot, and entry-mean basis 
(Hanson et al., 1956). 
Plant + a^g) 
Plot h2 = a2g/(a2g + a2ge + o^g) 
Entry » o^g/fa^e/rE + ff^gg/E + a^g) 
Variance component estimates were obtained from expected 
mean squares (Table 16). 
a^g = genotypic variance among lines = (M3 -
M4)/prE; 
- within-plot variance = M6; 
= plot-to-plot variance = (M5 - M6)/p; 
a^g£ = variance due to genotype x environment 
interaction • (M4 - M5)/pr; 
= experimental error = (M5/p); 
r = number of replications = 2; 
E = number of environments = 4; 
p = number of plants plot"! _ 3, 
Standard errors of the heritability estimates, SE(h^), were 
calculated by replacing a^g in the numerator of each 
equation with the SE(a^g) (Hallauer and Miranda, 1981). 
For each cross, phenotypic correlations between pod 
width and seed weight were computed for individual plants 
and entry means in each environment and combined across 
environments using proc CORR (SAS). Genotypic correlations 
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of the two characters were computed on an entry-mean basis 
for data combined across environments from analyses of 
variance and covariance (proc MANOVA, SAS) using a formula 
from Wallace et al. (1954). 
^GIJ " °GEIJ *GIJ 
^G = 
where: 
(MGI - " '«GJ " 
= line mean product for seed weight and pod 
width 
Cg^ij - line X environment mean product for seed 
weight and pod width 
Mg^ = line mean square for seed weight 
Mg^i = line X environment mean square for seed 
weight 
Mgj = line mean square for pod width 
Mggj = line X environment mean square for pod 
width 
Cg^j = genetic covariance between seed weight and 
pod width 
ff^g^ = genetic variance for seed weight 
o^gj = genetic variance for pod width 
For each cross, actual genetic gain in seed weight 
reduction was calculated for direct selection by seed weight 
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and indirect selection by pod width with a 20% selection 
intensity. 
Actual gain = Xg gc2F2:3 " *BC2F2:3 
where Xs,BC2F2:3 " mean seed weight of BC2F2.3 lines at lA 
1988 that were selected for low seed weight or narrow pod 
width at PR 1986, PR 1987, or lA 1987, and XBC2F2:3 ~ mean 
seed weight for all BC2F2.3 lines at lA 1988. Gains were 
calculated for selection on a plant, plot, and entry-mean 
basis. 
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RESULTS AND DISCUSSION 
There were significant differences among the four 
environments for seed weight (Table 17). Seed weight in 
both PR environments was heavier than in the lA 
environments. The low seed weight in lA 1988 was associated 
with below average rainfall during seed development. 
Irrigation was used to reduce moisture stress in PR. 
The differences among environments for pod width were 
less than for seed weight (Table 17). For example, the 
average seed weight of lines in Cross 1 was 75% greater at 
PR 1987 than at lA 1988, but the pod width of the lines in 
PR 1987 was only 6% greater than at lA 1988. The seed and 
pod begin to develop when the ovary is fertilized, but 
maximum pod width is attained within 20 days compared with 
at least 45 days for seed weight (Bravo et al., 1980). 
Therefore, environmental factors have less time to influence 
pod width than seed weight. 
Phenotypic correlations between seed weight and pod 
width were positive and highly significant (P<0.01) for each 
of the three crosses at each of the four environments. 
Combined data for the four environments gave r-values among 
the three crosses that averaged 0.63 on a plant basis and 
0.84 on an entry-mean basis. Studies involving large-seeded 
lines of G. max have reported similar phenotypic 
correlations between seed weight and pod width on a plant 
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Table 17. Mean seed weight and pod width of 40 BCsF,.? 
lines from each of three crosses evaluated'in 
four environments 
Cross 1 Cross 2 Cross 3 
Seed Pod Seed Pod Seed Pod 
Environment weight width weight width weight width 
mg sd"! mm mg sd"l mm mg sd"l mm 
PR 1986 105 8.3 94 8.1 101 8.3 
PR 1987 138 9.0 107 8.3 126 8.6 
lA 1987 94 8.3 82 8.2 99 8.5 
lA 1988 79 8.5 79 8.0 90 8.3 
LSD(0.05) 8 0.2 9 NS^ 10 0.2 
^Differences for mean pod width among environments 
were not significant (P>0.05) based on an F-test. 
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basis, but lower phenotyplc correlations on an entry-mean 
basis (Bravo et al. 1980; Frank and Fehr, 1981). The 
genotyplc correlation coefficient on an entry-mean basis 
averaged among the three crosses for my study was 0.89. 
Bravo et al. (1980) and Frank and Fehr (1981) reported 
genotyplc correlation coefficients of 0.72 and 0.79, 
respectively. 
Broad-sense herltablllty estimates were similar for 
seed weight and pod width (Table 18). Herltablllty 
estimates for seed weight were more similar to herltablllty 
estimates for pod width In my study than reported by Bravo 
et al. (1980) and Frank and Fehr (1981). Herltablllty 
estimates from my study were greater for seed weight and 
lower for pod width than those reported by Bravo et al. 
(1980). The herltablllty estimates reported by Frank and 
Fehr (1981) were higher for both characters than my values. 
Single-plant selection for small seed was almost as 
effective as selection on an entry-mean basis (Table 19). 
Direct and indirect selection for seed weight resulted in 
similar actual genetic gains when averaged across crosses. 
When averaged across crosses and environments, actual 
genetic gain from direct selection was 6 mg sd~^ for 
selection on a plant and plot basis and 7 mg sd~^ for an 
entry-mean basis. Actual genetic gain from indirect 
selection averaged 6 mg sd~^ on a plant, 7 mg sd"^ on a 
plot, and 8 mg sd"^ on an entry-mean basis. 
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Table 18. Herltablllty estimates and their standard errors 
for seed weight and pod width computed from 
variance component estimates for three crosses 
Cross 1 Cross 2 Cross 3 
Unit® 
Seed Pod Seed Pod Seed Pod 
weight width weight width weight width 
Plant 37±10 31± 9 39±10 49±12 28± 7 25+ 7 
Plot 53±14 45±12 57±14 67±16 47±12 41±11 
Entry mean 88±23 84±23 91±23 93±23• 87±23 85+19 
^Estimates on an entry-mean basis were for two 
replications at four environments. 
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Table 19. Actual genetic gain among three crosses from 
direct and indirect selection in three 
environments compared with performance of lines 
in lA 1988 
PR 1986 PR 1987 lA 1987 
Basis of 
selection Direct Indirect Direct Indirect Direct Indirect 
—NG SD"! — 
Plant 8 5 7 7 4 5 
Plot 7 8 7 7 4 6 
Entry mean 8 9 8 8 6 6 
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Actual genetic gain for selection on an entry-mean 
basis was not as high relative to selection based on single 
plants or plots as might be expected from the relative 
differences in heritability estimates reported in Table 18. 
The discrepancy can be accounted for by the fact that 
heritability estimates reported in Table 18 were obtained 
from calculations based on four environments; however, 
actual gain on an entry-mean basis was based on two 
replications at one environment. 
The genotype x environment interaction was significant 
(P<0.05) for seed weight for Cross 1 and for pod width for 
Crosses 1 and 2. Bravo et al. (1980) reported a significant 
genotype x environment interaction for pod width, but not 
for seed weight of crosses with large seed size. They 
found, however, that the ranking of genotypes for pod width 
was more consistent across environments than rankings for 
seed weight. In their experiment and mine, the larger 
experimental error associated with seed weight measurements 
contributed to the lack of a significant genotype x 
environment interaction. 
The results of my study indicated that Puerto Rico can 
be a useful environment for selection of small seed in 
populations adapted to Iowa (Table 19). This agrees with 
the results reported by Bravo et al. (1980) for selection in 
large-seeded populations. Selection for fatty acid 
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composition in Puerto Rico also has been successful in 
populations adapted to Iowa (Hawkins et al., 1983). 
Direct and indirect selection among single plants was 
effective (Table 19). A two-step procedure for selection 
among single plants in segregating populations may be 
useful. First, plants are measured for pod width and those 
with the narrowest width are harvested individually. 
Second, seed weight of the plants is measured to select 
those with the smallest size. This procedure is especially 
useful when other seed characteristics, such as hilum and 
seed coat color, must be considered in the selection 
process. 
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CONCLUSIONS 
The effectiveness of direct and Indirect selection for 
small seed based on seed weight and pod width measurements 
was Investigated. Three Interspecific crosses fG. max x G. 
sola) were evaluated In two temperate and two tropical 
environments. Differences among environments for pod width 
were less than for seed weight. For each of the three 
crosses, broad-sense heritability estimates were similar for 
seed weight and pod width. When averaged across crosses, 
direct and indirect selection for seed weight resulted in 
similar actual genetic gains. 
The study presented in Part I evaluated the 
effectiveness of selection for small seed size in 
transferring the small seed trait from G. sola into G. max 
by backcrossing. Selection was based on the evaluation of 
single plants. Results of the study presented in Part II 
indicated that single-plant selection by seed weight or pod 
width was nearly as effective as selection by either trait 
on an entry-mean basis. In addition, this study found that 
Puerto Rico can be a useful environment for selection for 
small seed in interspecific soybean populations adapted to 
Iowa. 
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APPENDIX A. ANALYSES OF VARIANCE AND CHARACTERISTICS 
OF SMALL-SEEDED LINES FROM EXPERIMENTS 1 
AND 2 IN PART I 
Table Al. Analysis of variance for four traits of 
backcross populations of Cross 1 included in 
Experiment 1 
Mean squares 
Sources of variation d.f. Seed weight 
Environments (A) 1 2101.0** 
Replications/A (R/A) 2 341.3** 
Entries (V) 279 2048.6** 
Backcrosses (B) 3 140685.5** 
Llnes/B (L/B) 276 541.6** 
L/B=0 39 153.0** 
L/B=l 79 366.1** 
L/B=2 79 868.2** 
L/B=3 79 582.5** 
Programs/B (P/B') 3 6043.1** 
P/B=l 1 1725.2** 
P/B=2 1 6217.2** 
P/B=3 1 10187.0** 
L/Selected/B=l 39 269.8** 
L/Selected/B=2 39 544.2** 
L/Selected/B«3 39 606.5** 
L/Random/B=l 39 427.6** 
L/Random/B=2 39 1054.9** 
L/Random/B=3 39 312.1** 
AxV 279 36.1 
AxB 3 28.8 
AxL/B 276 36.2 
AXL/B=0 39 17.3 
AxL/B=l 79 27.7 
AXL/B=2 79 45.4 
AXL/B=3 79 44.8* 
AXP/B' 3 77.4* 
AXP/B=1 1 4.3 
AxP/B=2 1 4.2 
AxP/B=3 1 223.6 
AxL/Selected/B=l 39 30.0 
AxL/Selected/B=2 39 27.3 
AxL/Selected/B=3 39 52.1** 
AxL/Random/B=l 39 25.9 
AxL/Random/B=2 39 64.6 
AxL/Random/B=3 39 33.0 
«significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
Lodging Petiole retention Maturity 
7.49** 24929.2** 14.2 
1.41** 1671.5* 159.2** 
2.39** 2965.6** 394.2** 
126.54** 90089.1** 9103.1** 
1.04** 2018.6** 299.5** 
0.13** 1513.5** 366.6** 
0.62** 2986.4** 566.9** 
1.65** 1957.7** 115.9** 
1.30** 1361.7 182.7** 
3.43 4395.2 805.2** 
4.10** 5494.6 1505.1* 
0.56 6588.5 800.1** 
5.64 1102.6 110.5 
0.23** 3590.1** 751.9** 
0.97** 1344.6 44.7** 
1.01** 1285.5* 78.2** 
0.91** 2318.5** 357.8** 
2.35** 2450.7** 169.4** 
1.48** 1444.5 289.1** 
0.32 707.4** 16.3 
0.80* 1078.9 110.9** 
0.31 703.4** 15.3 
0.01 208.5 18.7 
0.11 548.0 16.9 
0.45 846.2** 10.1 
0.52 960.3** 17.3 
1.05* 487.5 9.5 
0.12 465.6 10.5 
2.85* 994.1 0.8 
0.19 2.8 17.1 
0.10 491.2 20.6 
0.40 915.8* 11.6 
0.55 622.4* 13.4 
0.13 606.8 13.2 
0.43 772.8** 8.8 
0.51 1322.7** 21.2 
Table Al. Continued 
Mean squares 
Sources of variation d.f. Seed weight 
Error (R/AxV) 558 32.1 
R/AXB 6 81.5 
R/AXL/B 552 31.5 
R/AxL/B=0 78 18.0 
R/AxL/B-1 158 24.7 
R/AXL/B=2 158 46.4 
R/AXL/B=3 158 30.2 
R/AxP/B' 6 14.6 
R/AxP/B=l 2 2.8 
R/AXP/B=2 2 24.9 
R/AXP/B=3 2 16.2 
R/AxL/Seleoted/B=l 78 23.8 
R/AxL/Selected/B=2 78 36.7 
R/AxL/Selected/B=3 78 22.5 
R/AxL/Random/B=l 78 26.1 
R/AxL/Random/B=2 78 56.6 
R/AxL/Random/B=3 78 38.2 
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Mean squares 
Lodging Petiole retention Maturity 
0.28 497.2 15.1 
0.38 1517.2 26.3 
0.28 486.1 15.0 
0.02 405.4 24.9 
0.17 531.9 15.7 
0.40 401.1 11.2 
0.40 565.3 13.1 
0.14 2145.6 12.6 
0.01 614.8 16.8 
0.04 381.1 2.8 
0.40 5440.9 18.3 
0.12 479.9 18.2 
0.43 493.4 14.7 
0.42 397.8 9.6 
0.22 581.8 13.3 
0.38 309.4 7.9 
0.39 607.7 16.4 
Table A2. Analysis of variance for four traits of 
backcross populations of Cross 2 Included In 
Experiment 1 
Mean squares 
Sources of variation d.f. Seed weight 
Environments (A) 1 4834, 8** 
Replications/A (R/A) 2 637. ,1** 
Entries (V) 279 2348. ,8** 
Backcrosses (B) 3 146436. 1** 
Llnes/B (L/B) 276 782. 7** 
. L/B=0 39 390. 2** 
L/B=l 79 556. ,7** 
L/B=2 79 1200. ,7** 
L/B=3 79 784. ,4** 
Programs/B (P/B•) 3 2971. ,1** 
P/B=l 1 1051. ,3* 
P/B=2 1 1. 4 
P/B=3 1 7860. 6* 
L/Selected/B=l 39 409. 3** 
L/Selected/B-2 39 396. 3** 
L/Selected/B=3 39 416. 6** 
I/Random/B^l 39 691. 4** 
L/Random/B=2 39 2036. 0** 
L/Random/B=3 39 970. 7** 
AxV 279 54. 3* 
AxB 3 11. 0 
AXL/B 276 54. 8* 
AxL/B=0 39 41. 2 
AXL/B=1 79 57. 3 
AxL/B=2 79 44. 4 
AXL/B=3 79 69. 3 
AXP/B' 3 118. 3 
AXP/B=1 1 111. 6 
AxP/B=2 1 204. 8 
AxP/B=3 1 38. 5 
AxL/Selected/B=l 39 50. 1 
AxL/Selected/B=2 39 43. 0 
AxL/Selected/B=3 39 53. 4 
AxL/Random/B=l 39 63. 1 
AxL/Random/B=2 39 41. 7 
AxL/Random/B=3 39 86. 0 
*,**Slgnifleant at the 0.05 
probability, respectively. 
and 0.01 levels of 
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Mean squares 
Lodging Petiole retention Maturity 
0.57 273.0 11.8 
0.46 232.6 ^  51.4 
3.76** 3195.0** 535.6** 
176.68** 133521.1** 6469.2** 
1.88** 1778.4** 471.1** 
0.48** 1657.7** 682.4** 
2.59** 2647.8** 640.4** 
2.41** 2067.9** 391.6** 
1.34** 679.1** 277.0** 
3.03** 3825.8 2071.5** 
3.98* 9592.2* 2284.5** 
1.53 1110.1 2158.0* 
3.57 775.0 1771.9** 
2.65** 1525.6** 306.7** 
1.74** 1723.4** 284.9** 
1.29** 863.7** 316.2** 
2.50** 3592.0** 932.0** 
3.11** 2436.9** 453.1** 
1.33** 492.1 199.4** 
0.32 578.2** 21.2 
0.20 825.2 15.9 
0.32 575.5** 21.2 
0.08 633.9* 27.3 
0.35 802.1** 29.0 
0.43 540.4* 14.5 
0.31 355.1 17.2 
0.34 2065.8** 5.5 
0.06 1170.5 2.3 
0.89** 994.1 11.6 
0.08 4032.8** 2.6 
0.46 687.3 32.9 
0.32 461.6 16.6 
0.23 292.6 10.4 
0.24 907.5** 25.7 
0.53 607.6* 12.4 
0.39 323.4 24.4 
Table A2. Continued 
Mean squares 
Sources of variation d.f. Seed weight 
Error (R/AxV) 
R/AxB 
R/AxL/B 
R/AXL/B=0 
R/AxL/B-1 
R/AXL/B=2 
R/AXL/B=3 
R/AXP/B' 
R/AXP/B=1 
R/AXP/B=2 
R/AXP/B=3 
R/AxL/Selected/B=l 
R/AxL/Selected/B=2 
R/AxL/Selected/B=3 
R/AxL/Random/B=l 
R/AxL/Random/B=2 
R/AxL/Random/B=3 
558 45.7 
6 53.7 
552 45.6 
78 30.5 
158 43.7 
158 39.3 
158 61.3 
6 89.5 
2 54.1 
2 81.6 
2 132.9 
78 35.8 
78 50.0 
78 46.0 
78 51.5 
78 27.5 
78 74.8 
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Mean squares 
Lodging Petiole retention Maturity 
0.31 409.8 20.1 
0.43 481.9 20.4 
0.30 409.0 20.1 
0.09 373.5 25.0 
0.33 465.4 24.0 
0.36 369.8 18.0 
0.33 409.4 16.0 
0.12 185.2 29.8 
0.14 416.1 16.0 
0.00 129.7 71.1 
0.20 9.8 2.4 
0.36 573.1 22.2 
0.37 401.7 22.0 
0.39 421.8 15.1 
0.28 358.9 26.0 
0.35 344.0 12.7 
0.31 407.2 17.3 
Table A3. Analysis of variance for four traits of 
backcross populations of Cross 3 included in 
Experiment 1 
Mean squares 
Sources of variation d.f. Seed weight 
Environments (A) 
Replications/A (R/A) 
Entries (V) 
Backcrosses (B) 
Lines/B (L/B) 
L/B=0 
L/B=l 
L/B=2 
L/B=3 
Programs/B (P/B*) 
P/B=l 
P/B=2 
P/B=3 
L/Selected/B=l 
L/Selected/B=2 
L/Selected/B=3 
L/Random/B=l 
L/Random/B=2 
L/Random/B=3 
AxV 
AxB 
AxL/B 
AXL/B=0 
AxL/B=l 
AxL/B=2 . 
AxL/B=3 
AXP/B' 
AXP/B=1 
AXP/B=2 
AxP/B=3 
AxL/Selected/B=l 
AxL/Selected/B=2 
AxL/Selected/B=3 
AxL/Random/B=l 
AxL/Random/B=2 
AxL/Random/B=3 
1 10763.2** 
2 821.4** 
279 2116.3** 
3 146724.3** 
276 544.5** 
39 238.5** 
79 595.5** 
79 712.1** 
79 476.9** 
3 3289.0** 
1 5670.0** 
1 3993.8** 
1 203.2 
39 481.7** 
39 732.2** 
39 623.6** 
39 579.2** 
39 607.8** 
39 337.3** 
279 47.2** 
3 70.7 
276 46.9** 
39 35.5 
79 54.7 
79 56.1** 
79 35.6 
3 51.1 
1 32.5 
1 85.6 
1 35.1 
39 46.5 
39 54.5* 
39 33.8 
39 63.4 
39 56.9* 
39 37.4 
««Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
Lodging Petiole retention Maturity 
0.46 
0.95* 
3.98** 
248.18** 
1.33** 
0.09** 
1.75** 
1.82** 
1.02** 
0.34 
0.24 
0.69* 
0.09 
1.92** 
1.98** 
1.31** 
1.63** 
1.69** 
0.75** 
0.27 
0.78* 
0.26 
0.03 
0.28 
0.30 
0.32 
0.15 
0 .00  
0.00 
0.44* 
0.32 
0.34 
0.30 
0.26 
0.27 
0.32 
4926.6** 
489.7 
2578.6** 
70834.0** 
1836.7** 
2562.4** 
2111.2** 
2325.1** 
715.4* 
3386.8 
9724.1* 
382.8 
53.6 
1673.0** 
2469.2** 
557.0 
2354.3** 
2230.9** 
890.7** 
504.4* 
1624.4** 
492.2 
347.4 
636.1 
416.5 
495.6** 
1402.9 
3341.1 
162.5 
705.1 
680.3 
435.5 
556.4** 
552.5 
403.9 
429.4 
391.3** 
326.3** 
358.6** 
7683.3** 
279.0** 
240.7** 
410.6** 
287.3** 
158.2** 
1832.3** 
4545.1** 
696.2* 
255.6* 
298.1** 
266.4** 
144.1** 
417.0** 
297.7** 
169.7** 
15.6 
13.5 
15.6 
21.1 
17.0 
12.8 
14.2* 
6 . 8  
13.6 
3.6 
3.2 
12.8 
13.2 
18.6* 
21.3 
12.8 
10.1 
Table A3. Continued 
Mean squares 
Sources of variation d.f. Seed weight 
Error (R/AxV) 
R/AxB 
R/AXL/B 
R/AxL/B-0 
R/AxL/B-1 
R/AXL/B=2 
R/AxL/B-3 
R/AXP/B' 
R/AXP/B=1 
R/AxP/B=2 
R/AXP/B=3 
R/AxL/Selected/B=l 
R/AxL/Selected/B=2 
R/AxL/Selected/B=3 
R/AxL/Random/B=l 
R/AxL/Random/B=2 
R/AxL/Random/B=3 
558 36.6 
6 22.6 
552 36.7 
78 24.2 
158 47.0 
158 34.0 
158 35.3 
6 13.0 
2 13.9 
2 7.9 
2 17.2 
78 31.0 
78 33.7 
78 34.4 
78 63.9 
78 35.0 
78 36.7 
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Mean squares 
Lodging Petiole retention Maturity 
0.28 426.1 17.4 
0.30 455.1 37.1 
0.28 425.8 17.2 
0.03 458.2 30.0 
0.39 595.7 16.5 
0.32 370.8 19.5 
0.26 295.1 9.3 
0.14 438.9 9.8 
0.39 302.3 14.0 
0.02 300.8 11.1 
0.01 713.6 4.2 
0.36 555.1 14.3 
0.31 298.8 21.1 
0.29 289.5 10.2 
0.41 643.8 18.8 
0.34 444.6 18.1 
0.25 290.0 8.5 
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Table A4. Means and standard errors for lines with seed 
weights of 100 ng 8d~^ or less from the BC3 
selected population of Cross 1 in Experiment 1 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"l score % d 
239 74 3.4 70 43 no 
224 76 4.6 64 33 yes 
204 77 2.4 9 38 no 
216 79 4.6 35 40 yes 
223 81 3.8 59 38 no 
233 82 3.9 51 • 42 no 
218 84 4.0 56 34 no 
230 85 3.2 26 45 yes 
220 85 4.2 36 45 no 
215 85 3.6 20 42 yes 
238 86 3.6 49 47 yes 
219 87 4.0 16 44 yes 
221 88 4.3 28 42 yes 
232 89 3.1 13 41 yes 
225 89 3.9 24 43 yes 
237 90 3.5 50 41 no 
240 91 3.2 36 43 no 
234 91 3.1 46 45 no 
228 91 4.0 11 42 yes 
235 92 3.1 32 44 no 
217 94 3.5 10 47 yes 
214 95 4.0 32 44 no 
226 95 3.5 16 43 yes 
212 97 4.0 80 32 yes 
201 98 3.8 15 45 no 
203 99 3.3 30 44 no 
229 99 4.0 39 44 no 
206 100 4.0 19 46 no 
SE 4 0.3 12 2 
Hardin 119 ± 1 2.8 ± 0.1 11 ± 3 43 ± 0 yes 
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Table A5. Means and standard errors for lines with seed 
weights of 100 mg sd~^ or less from the BC3 
unselected population of Cross 1 in Experiment l 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"l score % d 
264 90 4.0 75 61 no 
252 93 4.0 9 44 no 
266 93 4.1 42 39 yes 
253 94 3.1 31 39 yes 
261 95 2.8 48 36 yes 
247 95 2.8 42 42 no 
246 96 2.5 35 56 no 
271 97 3.2 29 42 no 
242 97 4.2 52 38 no 
278 100 2.3 25 42 yes 
241 100 3.6 18 40 no 
280 100 4.7 52 65 no 
SE 3 0.3 18 2 
Hardin 119 ± 1 2.8 ± 0.1 11 ± 3 43 ± 0 yes 
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Table A6. Means and standard errors for lines with seed 
weights of 100 mg sd"^ or less from the BC3 
selected population of Cross 2 in Experiment 1 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"! score % d 
215 86 2.2 10 38 yes 
206 90 3.8 50 32 yes 
213 92 3.2 19 42 no 
208 94 2.2 12 29 yes 
224 95 2.2 19 36 no 
202 96 3.0 52 31 no 
229 96 2.6 2 43 no 
205 96 3.1 46 29 yes 
216 97 2.8 58 59 no 
207 98 2.8 36 32 no 
214 99 2.2 21 47 no 
234 99 2.7 8 46 yes 
221 99 3.2 31 54 no 
SE 3 0
 
w
 
10 2 
S1346 142 ± 2 2.4 ± 0.1 14 ± 4 40 ± 1 yes 
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Table A7. Means and standard errors for lines with seed 
weights of 100 mg sd~^ or less from the BC3 
unselected population of Cross 2 in Experiment 1 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"! score % d 
254 86 3.0 26 29 yes 
268 92 3.7 39 37 no 
277 93 4.8 31 35 no 
275 94 2.8 35 33 yes 
253 95 3.2 12 31 yes 
242 98 2.2 59 32 no 
280 99 3.5 34 35 no 
271 99 2.9 16 34 yes 
SE 4 0
 
w
 
10 2 
S1346 142 ± 2 2.4 ± 0.1 14 ± 4 40 ± 1 yes 
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Table A8. Means and standard errors for lines with seed 
weights of 100 mg sd"^ or less from the BC3 
selected population of Cross 3 in Experiment 1 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"l score % d 
214 82 3.6 40 37 no 
226 95 3.7 20 50 no 
222 97 3.8 23 45 no 
231 99 2.9 29 42 no 
SE 3 0
 
w
 12 2 
B216 127 ± 1 2.3 ± 0.1 23 ± 3 46 ± 0 yes 
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Table A9. Means and standard errors for lines with seed 
weights of 100 mg sd"^ or less from the BC3 
unselected population of Cross 3 in Experiment 1 
Traits 
Seed Petiole Yellow 
Entry weight Lodging retention Maturity seed coat 
mg sd"! score % d 
243 88 2.5 38 56 no 
249 95 2.9 28 46 no 
SE 3 0.2 9 1 
B216- 127 ± 1 2.3 ± 0.1 23 ± 3 46 ± 0 yes 
Table AlO. Analysis of variance for five traits of 
backcross populations of Cross 1 included in 
Experiment 2 
Mean squares 
Sources of variation d.f. Seed weight Yield 
Environments (A) 1 713.0** 1066164.7** 
Replications/A (R/A) 2 971.0** 396475.4** 
Entries (V) 83 1133.0** 102196.4** 
Programs (P) 1 41764.6** 543375.4** 
Lines/Selected (L/S) 41 762.1** 54788.8** 
Lines/Random (L/R) 41 512.7** 138843.6** 
AxV 83 44.3 30774.0** 
AxP 1 24.0 4583.6 
AxL/S 41 31.5 18203.2 
AXL/R 41 57.5* 43983.5** 
Error (R/AxV) 166 35.3 11414.6 
R/AxP 2 3.9 1113.2 
R/AXL/S 82 38.0 13660.4 
R/AXL/R 82 33.4 9420.0 
C.V. (%) 5.6 11.6 
*,*«significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
Lodging Maturity Height 
7.20** 618.9** 17719.0** 
0.58** 11.7 293.2** 
0.87** 47.7** 234.8** 
14.33* 68.8 691.4* 
1.08** 44.0** 216.0** 
0.32** 50.9** 242.5** 
0.11 11.1** 52.3 
0.00 44.3** 74.3 
0.13 7.0 63.3 
0.09 14.4** 40.9 
0.12 4.2 40.2 
0.27 0.2 30.0 
0.16 5.9 50.6 
0.08 2.7 30.0 
H
 
H
 9.9 7.7 
Table All. Analysis of variance for five traits of 
backcross populations of Cross 2 included in 
Experiment 2 
Mean squares 
Sources of variation d.f. Seed weight Yield 
Environments (A) 1 144 .8# 4853741, .9** 
Replications/A (R/A) 2 63 .7 61168, .9** 
Entries (V) 93 934. 6** 73880, .6** 
Programs (P) 1 8676, .5** 127574. 7 
Lines/Selected (L/S) 46 617. 5** 75833. 9** 
Lines/Random (L/R) 46 1083. ,4** 70759. 9 
AxV 93 137. 5** 40150. ,2** 
AxP 1 137. 2 137417. ,0* 
AxL/S 46 50. 5* 22898. ,6** 
AxL/R 46 224. ,5** 55287. 4** 
Error (R/AxV) 186 36. ,8 10054. 1 
R/AXP 2 13. ,3 4195. 4 
R/AXL/S 92 32. 2 11155. 4 
R/AXL/R 92 42. 0 9080. 2 
C.V. (%) 5. 1 13. 2 
««Significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
Lodging Maturity Height 
19.95** 229.9** 14451.0** 
0.27** 19.2* 20.2 
0.61** 211.4** 374.0** 
1.24 567.7** 4.0 
0.51** 74.4** 251.2** 
0.70** 340.7** 504.9** 
0.20** 4.8 89.8** 
0.37* 1.3 79.6 
0.20** 4.2 107.3** 
0.20** 5.4 72.6** 
0.05 4.3 27.4 
0.02 2.1 99.3 
0.05 3.9 30.1 
0.05 4.8 23.1 
14.5 11.0 7.4 
Table A12. Analysis of variance for five traits of 
backcross populations of cross 3 Included in 
Experiment 2 
Mean squares 
Sources of variation d.f. Seed weight Yield 
Environments (A) 1 131.3 2768268.4** 
Replications/A (R/A) 2 101.5 633829.5** 
Entries (V) 93 413.9** 120330.0** 
Programs (P) 1 1085.8* 68215.9 
Lines/Selected (L/S) 46 563.3** 137501.3** 
Lines/Random (L/R) 46 249.9 104291.7 
AxV 93 174.4** 49609.5** 
AxP 1 384.8 34.9 
AxL/S 46 144.0** 35310.2** 
AXL/R 46 200.1** 64986.6** 
Error (R/AxV) 186 40.6 10253.4 
R/AxP 2 32.5 27074.6 
R/AXL/S 92 36.8 7296.5 
R/AXL/R 92 44.6 12844.7 
C.V. (%) 6.1 m H 
*,*«significant at /^he 0.05 and 0.01 levels of 
probability, respectively. 
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Mean squares 
Lodging Maturity Height 
8.85** 510.2** 19923.3** 
0.56** 152.7** 1842.1** 
1.32** 129.8** 235.8** 
0.18 34.6 14.2 
1.85** 88.2** 254.5** 
0.82** 173.5** 221.9** 
0.08 8.9 37.8 
0.03 14.6 0.4 
0.04 10.9** 45.1 
0.12 6.8 31.4 
0.07 6.8 35.8 
0.05 31.0 17.0 
0.05 . 6.1 45.1 
0.09 6.9 26.8 
15.4 9.4 7.0 
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Table Al3. Means and standard errors for lines with seed 
weights of 100 mg sd"^ or less from the BC3 
selected population of Cross 1 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"l g plot"! score d cm 
17 67 751 3.1 30 102 
9 68 800 3.1 26 96 
13 73 819 2.7 24 80 
23 74 692 2.9 23 90 
29 77 827 2.6 21 82 
20 79 969 2.4 26 87 
34 80 935 2.0 25 92 
8 81 543 4.0 17 77 
25 87 1002 2.4 27 92 
26 88 877 2.4 23 95 
21 88 700 2.2 20 87 
31 89 936 2.4 20 77 
24 89 798 2.1 22 75 
1 90 802 3.5 24 88 
33 90 975 2.1 23 88 
42 91 954 1.8 23 86 
15 91 803 2.3 17 79 
37 94 676 1.8 22 82 
16 94 889 2.5 23 86 
27 95 902 3.0 23 88 
30 96 950 2.2 25 93 
6 96 856 2.5 21 84 
22 97 778 2.2 18 75 
41 98 1005 1.7 18 72 
19 99 987 2.5 20 85 
5 100 974 2.0 22 83 
35 100 1012 1.8 18 82 
SE 3 58 0.2 1 4 
Hardin 129 ± 2 1132 ±29 1.6 ± 0.1 21 ± 0 81 ± 1 
107 
Table A14. Means and standard errors for lines with seed 
weights of 100 mg sd'^ or less from the BC3 
unselected population of Cross 1 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"! g plot'l score d cm 
76 90 744 2.4 34 96 
44 97 502 2.2 22 87 
56 98 876 1.7 24 88 
66 99 502 1.7 19 87 
SE 4 105 0.1 2 3 
Hardin 129 ± 2 1132 ± 29 1.6 ± 0.1 21 ± 0 81 ± 1 
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Table A15. Means and standard errors for lines with seed 
weights of 100 mg sd"^ or less from the BC3 
selected population of Cross 2 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"l g plot'l score d cm 
9 81 684 2.1 31 78 
20 92 518 2.1 24 74 
19 93 683 2.5 27 89 
18 97 533 2.4 27 90 
17 97 694 1.8 16 74 
38 98 306 1.9 13 69 
35 100 842 1.5 24 71 
SE 4 76 
CM 0
 1 5 
S1346 153 ± 3 999 ± 31 1.1 ± 0.0 20 ± 0 70 ± 
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Table A16. Means and standard errors for lines with seed 
weights of 100 mg sd~^ or less from the BC3 
unselected population of Cross 2 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"! g plot" ^ ' score d cm 
88 73 608 2.2 25 72 
76 t 91 705 1.4 26 78 
87 99 534 1.8 16 64 
SE 7 118 0.2 1 4 
S1346 153 ± 3 999 ± 31 1.1 ± 0
 
0
 
to
 
0
 
1+
 
0
 +1 0
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Table A17. Means and standard errors for lines with seed 
weights of 100 ng sd'^ or less from the BC3 
selected population of Cross 3 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"l g plot'l score d cm 
30 78 593 3.1 37 97 
20 83 648 3.5 31 102 
27 83 554 2.2 28 84 
22 85 577 2.8 27 86 
23 86 632 3.0 36 93 
26 88 738 3.8 35 96 
24 89 652 1.9 31 88 
28 89 792 1.7 35 91 
21 90 654 3.3 37 99 
31 91 748 1.4 29 81 
47 91 691 1.5 28 72 
35 92 603 1.5 28 78 
19 94 748 3.0 34 102 
40 95 218 1.4 . . 17 66 
34 95 566 1.6 26 81 
38 97 440 1.4 23 76 
SE 6 94 0.1 2 3 
B216 115 ± 3 892 ± 47 1.3 ± 0.0 27 ± 1 86 ± 2 
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Table A18. Means and standard errors for lines with seed 
weights of 100 mg sd~^ or less from the BC3 
unselected population of Cross 3 in Experiment 2 
Traits 
Entry 
Seed 
weight Yield Lodging Maturity Height 
mg sd"l g plot'l score d cm 
52 91 523 1.5 23 80 
70 93 403 1.4 22 80 
56 95 739 1.7 28 86 
76 96 706 1.8 26 85 
68 96 418 1.8 24 84 
94 97 498 1.6 25 80 
90 98 607 1.2 27 83 
91 99 648 1.6 25 81 
87 99 640 1.6 20 79 
82 100 740 1.4 26 93 
58 100 394 1.4 21 78 
SE 7 127 0.2 1 3 
B216 115 ± 3 892 ± 47 1.3 ± 0.0 27 ± 1 86 ± 
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APPENDIX B. ANALYSES OF VARIANCE AND GENETIC 
VARIANCE ESTIMATES FROM THE 
EXPERIMENT IN PART II 
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Table Bl. Analysis of variance for seed weight and pod 
width of BCgF^-derived lines of Cross 1 
Sources of variation d.f. Seed weight Pod width 
Environments (E) 3 148314. 8** 27. ,66** 
Replications/E (R/E) 4 1108. 0* 0. 51 
Lines (L) 39 4428. 4** 2. ,59** 
E X L 117 514. 0* 0. ,41** 
Error (R/ExL) 156 349. 1 0. 25 
Plants/Plots 640 200. 4 0. ,14 
**Signifleant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Table B2. Analysis of variance for seed weight and pod 
width of BCgF^-derlved lines of Cross 2 
Sources of variation d.f. Seed weight Pod width 
Environments (E) 3 38798.0** 3.92 
Replicatlons/E (R/E) 4 1324.1** 1.46** 
Lines (L) 39 4010.3** 4.44** 
E X L 117 363.3 0.30* 
Error (R/ExL) 156 330.3 0.21 
Plants/Plots 640 188.7 0.14 
**Slgnlfleant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Table B3. Analysis of variance for seed weight and pod 
width of BC2F2-derived lines of cross 3 
Sources of variation d.f. Seed weight Pod width 
Environments (E) 3 56766.9** 4.61* 
Replications/E (R/E) 4 1566.4** 0.54* 
Lines (L) 39 1747.3** 1.18** 
E X L 117 227.8 0.18 
Error (R/ExL) 156 196.2 0.18 
Plants/Plots 640 134.3 0.10 
*,««significant at the 0.05 and 0.01 levels of 
probability, respectively. 
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Table B4. Genetic variance estimates and their standard 
errors for seed weight and pod width measured 
on BC^F^-derived lines from Crosses 1, 2, and 3 
Cross Seed weight Pod width 
1 163 ± 42 0.09 ± 0.02 
2 152 ± 38 0.17 ± 0.04 
3 63 ± 17 0.04 ± 0.01 
